Background Current instruments used to measure disease activity and health-related quality of life in patients with Crohn's disease (CD) and ulcerative colitis (UC) are often cumbersome, time-consuming, and expensive; although used in clinical trials, they are not convenient for clinical practice. A numeric rating scale (NRS) is a quick, inexpensive, and convenient patient-reported outcome that can capture the patient's overall perception of health. Aims The aim of this study was to assess the validity, reliability, and responsiveness of an NRS and evaluate its use in clinical practice in patients with CD and UC. Methods We prospectively evaluated patient-reported NRS scores and measured correlations between NRS and a range of severity measures, including physician-reported NRS, Crohn's disease activity index (CDAI), HarveyBradshaw index (HBI), inflammatory bowel disease questionnaire (IBDQ), and C-reactive protein (CRP) in patients with CD. Subsequently, we evaluated the correlation between the NRS and standard measures of health status (HBI or simple colitis clinical activity index [SCCAI]) and laboratory tests (sedimentation rate [ESR], CRP, and fecal calprotectin) in patients with CD and UC. Results The patient-reported NRS showed excellent correlation with CDAI (R 2 = 0.59, p \ 0.0001), IBDQ (R 2 = 0.66, p \ 0.0001), and HBI (R 2 = 0.32, p \ 0.0001) in patients with CD. The NRS showed poor, but statistically significant correlation with SCCAI (R 2 = 0.25, p \ 0.0001) in patients with UC. The NRS did not correlate with CRP, ESR, or calprotectin. The NRS was reliable and responsive to change. Conclusions The NRS is a valid, reliable, and responsive measure that may be useful to evaluate patients with CD and possibly UC.
Introduction
Assessment and treatment of patients with Crohn's disease (CD) or ulcerative colitis (UC) requires a comprehensive evaluation including biologic, clinical, and psychosocial aspects of disease activity and health-related quality of life (HRQOL). Increasingly, patient-reported outcomes (PROs) are being emphasized in the development of instruments that assess health status. PROs encompass health concepts such as pain, fatigue, depression, and physical function that are meaningful and important to patients [1, 2] . A fundamental attribute of PROs is that they provide the patient's perspective to health assessment. The measurement of PROs has been demonstrated to improve the management of patient conditions, provider behaviors, patient-provider communication, and patient health status [3] [4] [5] .
Multiple disease-specific instruments have been developed to assess disease activity and HRQOL in patients with CD or UC. The Crohn's disease activity index (CDAI) is considered the gold standard for the assessment of clinical disease activity for clinical trials [6] . The CDAI consists of eight items, and requires a 7-day symptom diary, physical examination, laboratory tests, and a complex calculation to generate a final score, making it difficult to perform quickly. There is no uniformly accepted measure of UC disease activity, although many indices are widely used, including the Mayo Score and the Simple Clinical Colitis Activity Index (SCCAI). The IBD-Quality of Life index (IBD-Q) is a 32-item disease-specific instrument used to evaluate HRQOL among patients with both CD and UC. These and other instruments have primarily been developed for use in research and clinical trials, and none are widely used in clinical practice possibly because they are time-consuming, cumbersome, require complex calculations, and/or are costly.
Numeric rating scales (NRS) have been used as a PRO in clinical trials and practice in a wide range of conditions including acute and chronic pain [7] [8] [9] [10] [11] [12] , patient well-being and satisfaction after head and neck surgery [13] , impact of rheumatoid arthritis [14] and postoperative nausea [15] , among others. The EQ-5D (EuroQol), a generic measure of health status, utilizes a vertical visual analog scale ranging from 0 to 100 to evaluate health status [16] . In gastroenterology, NRS have been used to assess analgesia during colonoscopy [17] , abdominal pain in irritable bowel syndrome [18] , and distress and depression in colorectal cancer survivors [19] . The NRS has not been well-studied in patients with inflammatory bowel disease (IBD); however, a recent study measured disease burden in CD using a ''feeling thermometer,'' by employing a visual analog scale ranging from 0 to 100 [20] .
We further explored the utility of a novel NRS in a large cohort of patients with both CD and UC, and compared the NRS with disease activity indices, HRQOL measurements, and inflammatory markers. We hypothesized that an 11-point NRS (0-10) is a quick, inexpensive, and convenient PRO that can capture patients' perceptions of overall health status and general well-being in both CD and UC. The specific aims of our study were to assess the validity, reliability, and responsiveness of the NRS as well as to evaluate its use in clinical practice in patients with IBD.
Materials and Methods
Our study consisted of two stages, referred to as Study A and Study B. Study A was a prospective evaluation of the correlation between the patient-reported 11-point NRS score and physician-reported NRS score, standard measures of health status (CDAI, IBDQ, and Harvey-Bradshaw Index [HBI]), and CRP in patients with CD. Study B involved a retrospective evaluation of the NRS in the clinical setting by assessing correlation with standard disease measurement instruments (HBI and SCCAI) and laboratory tests (CRP, ESR, and/or fecal calprotectin) in a larger cohort among patients with either CD or UC. Both protocols were approved by the Cedars-Sinai Medical Center institutional review board.
Study Population
Consecutive adult patients seen at the IBD Center at Cedars-Sinai Medical Center between February, 2007 and July, 2008 were invited to participate. All patients had CD or UC that was diagnosed by standard clinical, radiographic, endoscopic, and/or histopathologic criteria. Patients who had surgery within 3 months were excluded from the studies as HRQOL assessment may be confounded by recent surgery. Patients with an ostomy or ileal pouch-anal anastamosis were also excluded since the CDAI has not been validated in these circumstances.
Development of the Patient-Reported Outcomes
We developed two PROs for this study, an 11-point NRS and a single self-reported ''remission'' item, with input from experts in qualitative HRQOL methodology and gastroenterologists. Test-retest reliability of both questions was assessed in ten patients who completed these questions twice, 1 week apart. Perfect intraobserver reliability was determined with a kappa of 1.0. All ten patients reported that the NRS was easy to understand and use.
Measures of Disease Activity

Numeric Rating Scale
The primary measure of this study was the generic PRO of health status as measured by an 11-point NRS. This was anchored at each end (0 = ''As bad as being dead'', 10 = ''Perfect health''). The wording of the anchors was chosen based on that used in health utilities and the clarity of the meaning of both ends of the scale [21] . A secondary measure was the physician's assessment of the patient's health status using the same NRS (Fig. 1 ). Physicians and patients were blinded to each others' NRS scores.
Remission Rating
Both the patient and physician rated whether or not the patient was in remission at each visit, by respectively answering the following disease-specific yes/no question: ''Do you feel your disease is in remission?'' or ''Do you feel your patient's disease is in remission?'' Physicians and patients were blinded to the others' remission ratings.
Crohn's Disease Activity Index
The CDAI scores range from 0 (best) to 600 (worst). Score interpretations (mild, moderate, and severe disease activity) and remission are derived from physician assessments of health status. Patients with a score of less than 150 are considered to be in clinical remission [22] (Supplemental Table 1 ).
Harvey-Bradshaw Index
The HBI was developed as a simplified version of the CDAI and consists of five items that the patient and physician complete. Scores range from 0 (best) to 40 (worst) [23] (Supplemental Table 2 ).
Inflammatory Bowel Disease Quality of Life Questionnaire (IBDQ)
The IBDQ assesses the patient's status during the previous 2 weeks prior to administration and is responsive to changes in disease activity as determined by the CDAI in patients with CD [24] . It encompasses four domains: bowel symptoms (10 items), systemic symptoms (5 items), social function (5 items), and emotional status (12 items). Scores range from 32 to 224, with higher scores representing better quality of life [25] . The IBDQ is a reliable, valid, and sensitive instrument for assessing HRQOL in both CD and UC [26] .
Simple Clinical Colitis Activity Index
The SCCAI is a 6-item measure that the patient and physician complete to assess UC disease activity [27] (Supplemental Table 3 ).
Data Collection
Study A Eligible patients were sent a letter by their treating physician, which explained the nature of the study. Those interested in participating provided written informed consent and were asked to keep a 7-day symptoms diary immediately prior to their next visit for CDAI calculation. The CDAI, HBI, and IBDQ scores were calculated at each visit. CRP and hemoglobin were measured at the clinic visit. Blood measurements of ESR and CRP were collected on the day of the visit. Fecal calprotectin was measured within 1 week of the visit. Patients who were seen in follow-up were assessed with NRS, CDAI, HBI, and IBDQ to assess the responsiveness of the NRS score.
Study B
From January 2010 through March 2011, the NRS, HBI, and SCCAI were routinely collected at each patient visit at the Cedars-Sinai IBD Center. All laboratory studies (ESR, CRP, and/or fecal calprotectin) were obtained within 30 days of the clinic visit. The patient and physician also independently reported remission status of the patient at each visit.
Analysis
We applied the principles of criterion and construct validity to determine how well the NRS assesses disease activity and health status in patients with IBD. We analyzed the correlation between the patient-reported NRS score and CDAI, HBI, IBDQ, SCCAI as well as CRP, ESR, and/or fecal calprotectin using Pearson's correlation coefficient, and utilized a p value of \0.05 as evidence of statistical significance. We also analyzed the correlations between the NRS and each of the four domains of the IBDQ and examined the correlation between the patient-reported and physician-reported NRS scores. NRS score means were correlated with remission status using Student's t tests. We determined the optimal cutoff of CDAI scores correlating best with patient-reported remission using classification and regression tree (CART) analysis. This statistical tool allows for the unbiased determination of the optimal split (i.e. cutoff point) among observations of the independent variable (i.e. CDAI score) based on the dependent variable (i.e. patient-reported remission). We assessed the responsiveness of the NRS and activity indices by evaluating and comparing the changes over two time points in NRS score, CDAI, HBI, and IBDQ.
We estimated 45 patients would provide 90 % power at a = 0.05 to detect a large correlation (r = 0.5) between the NRS and the IBD-Q, based on Cohen's standardized interpretation of effect sizes [28] .
Results
Patient Characteristics
Forty-six patients with CD completed at least one time point and 21 patients completed two time points in the prospective Study A. The mean number of days between time points was 108, ranging from 24 to 243 days (Table 1) .
We evaluated a total of 216 patients in Study B, of which 135 patients had CD and 81 patients had UC (Table 1) . Fifty-five percent were female. The mean age was 43 years in the CD group and 46 years in the UC group. Among the 135 patients with CD, 56 (41 %) had prior intestinal surgery, and the mean duration of disease was 13.5 years (range 1-47 years). Among the 81 patients with UC, 3 (4 %) had prior resection and the mean duration of disease was 10.2 years (Table 1) . A summary of health status assessments is presented in Table 2 . Among the 135 patients with CD in Study B, there were 230 patient-reported NRS ratings. The mean NRS rating was 5.50. Among the 81 patients with UC in Study B, there were 93 patient-reported NRS ratings, with a mean NRS rating of 5.59. The patient-reported NRS showed a modest, but statistically significant correlation with HBI (R 2 = 0.25, p \ 0.0001) and SCCAI (R 2 = 0.25, p \ 0.0001) (Supplemental Fig. 1 ).
Serum and stool inflammatory markers (ESR, CRP, and fecal calprotectin) did not correlate with the patientreported NRS or remission status (Fig. 2, Supplemental  Fig. 2) .
Responsiveness of the NRS
Changes in the patient-reported NRS ratings correlated well with changes in IBDQ (R 2 = 0.67, p = 0.0002), but not with changes in CDAI (R 2 = 0.04, p = 0.36) or HBI (R 2 = 0.11, p = 0.23).
Patient-Defined Remission
Patient-defined remission correlated well with the IBDQ, CDAI, and HBI (Fig. 3) . All patients who felt they were in remission had a self-reported NRS rating of 6 or higher and self-reported remission correlated both with patient and physician-reported NRS ratings (Supplemental Fig. 3 ). Mean CDAI and HBI scores were significantly lower in patients who reported being in remission (Fig. 3) . CRP did not correlate with self-reported remission (p = 0.72) (Fig. 3) . CART analysis showed that the optimal CDAI cut-off score that correlated best with patient-reported remission was 170 (data not shown).
Physician and Patient Agreement
In Study A, physician NRS ratings correlated significantly with patient-reported NRS (R 2 = 0.44, p \ 0.0001) ratings as well as remission status (Fig. 4) . There was statistically significant correlation between patient-reported NRS and physician-reported NRS in patients with CD in the retrospective Study B (R 2 = 0.22, p \ 0.0001). Among patients with UC, there was little correlation between patientreported NRS and physician-reported NRS (R 2 = 0.09, p = 0.02) (Supplemental Fig. 4 ).
Discussion
The clinical manifestations of IBD and their impact on quality of life are highly individual. Biologic data and physician assessment may not adequately capture the patient's perspective of their overall health and well-being. Studies examining the correlation between disease activity indices and patient-reported well-being and HRQOL have demonstrated variable results, with some showing small to moderate associations and others showing none [29] [30] [31] . This disassociation between disease activity indices and patient-derived estimates of HRQOL has also been shown in cirrhosis [32] , rheumatoid arthritis [33] , diabetes [34] , hypertension [35] , and renal failure requiring hemodialysis [36] . A patient's perception of overall health status and general well-being includes several aspects of life that are difficult to measure: family life, friends, hobbies, social support, education, etc. [37] . Because these variables are not easily measureable, they cannot be factored into disease activity indices and may explain the poor correlation between disease activity and HRQOL. The NRS provides a surrogate, tangible value that may at least superficially embody these characteristics and allow the physician to get a general sense of how the patient is doing at a point in time. Compared to the general well-being component (rated 0-4) of the HBI and SCCAI, the NRS provides several advantages including a larger range (0-10) to be able to capture nuances, a visual numberline for easy use, and specific anchors based on health utilities (''as bad as being dead'' and ''perfect health''). Our study examined several aspects of the NRS for the evaluation of patients with IBD and demonstrated several important findings.
First, the NRS showed excellent correlation with standard instruments of IBD activity and HRQOL including CDAI, HBI, and IBDQ in patients with CD. The patient-reported NRS showed statistically significant, albeit lower correlation with the SCCAI in patients with UC. This difference in patients with CD and UC has been described previously, and may in part relate to the instrument used to measure disease activity. Approximately 25 % of the CDAI score is derived from the patient's subjective report of symptoms and perception of well-being. The (inverse) correlation between the CDAI and the IBDQ is therefore high, r = -0.67 [27] . The heterogeneity in clinical manifestations, complications, and long-term outcomes between CD and UC may also account for this difference. Drossman et al. demonstrated several differences in concerns that patients with UC have compared with patients with CD. For example, CD patients have more chronic symptoms and complications causing concern about pain and suffering, being a burden on others, and financial differences [38] . Patients with active UC were more concerned with the greater risk of developing cancer than patients with CD [36] . Second, the NRS did not correlate with biologic markers (CRP, ESR, and fecal calprotectin). The correlation between biologic markers and disease activity scores in previous studies has been variable, with most showing little or no correlation [39] [40] [41] [42] . It is reasonable that inflammatory markers may not necessarily correlate with the NRS since this score reflects overall self-perceived health status and not necessarily mucosal or systemic inflammation which may be clinically silent. Furthermore, the origin of symptoms such as diarrhea, fatigue, and abdominal pain in patients with IBD is multifactorial and may not always be due to inflammation [37] .
Third, the NRS was responsive to change in the limited group in whom change was assessed. Changes in patientreported NRS score correlated with changes in IBDQ, however not with CDAI or HBI. This is consistent with prior findings demonstrating that functional status correlates with ratings of health status more than disease activity [43] . The IBDQ has been shown to reflect short-term changes in the quality of life of patients with CD, making it a useful measure in clinical practice to assess patients' response to therapy [23] . However the IBDQ is a much more cumbersome and expensive instrument compared to the NRS, making the NRS an easier and more practical score to use in routine clinical practice. Further assessment of NRS responsiveness should include a larger cohort of patients with evaluations at two timepoints.
Fourth, patient-defined disease-specific remission correlated with IBDQ, CDAI, and HBI. Our study showed that a CDAI score of less than or equal to 170 correlated best with remission and optimally separated patients who felt they were in remission (CDAI less than or equal to 170) from those who did not feel they were in remission (CDAI greater than 170). All patients who felt they were in remission had an NRS score of 6 or higher. The standard measurements of disease activity and definitions of remission are based on scores that involve lengthy questionnaires, laboratory values, and endoscopic activity. The NRS is a quick and convenient measure that adds the patient's perspective to the assessment of remission.
Finally, we found mixed results with regards to physician and patient agreement. In our prospective study, there was correlation between physician and patient-reported NRS ratings. However, in our retrospective study, there was weak correlation between physician and patientreported NRS ratings in patients with CD, and no correlation in patients with UC. Wilcox et al. demonstrated that physicians' perception of current health and burden of disease in 113 patients with CD correlated to their patients' perception (q = 0.73 and 0.69 respectively) based on a feeling thermometer [20] . However, many studies have shown that patients' perception of their disease severity, physical impact of their disease, disruptive impact on daily activities, and psychological distress was worse than that reported by physicians [44, 45] . Other studies have found that perceptions of disease burden as well as acceptable risk versus benefit differed between patients with IBD and their physicians [46, 47] . A lack of agreement between patients' and physicians' perspectives of disease and health status has also been shown in other chronic diseases such as rheumatoid arthritis [48] , multiple sclerosis [49] , lupus [50] , and cancer [51] . A lack of communication as well as limitations of available measures used to assess patients with IBD may partially explain the differences in health perception between patients and physicians. Disease- specific indices and physicians may be focusing on specific IBD-related symptoms, whereas other factors that are important to patients and contribute to their overall health status may be better understood in the context of a generic assessment of health status, such as the NRS. In a content analysis of patient responses, Wolfe et al. [45] revealed that there were several dimensions of HRQOL, such as cognitive, self-regulation, and practical functioning, that are not incorporated in current measures of HRQOL in patients with IBD. By incorporating a PRO such as the NRS, physicians may be able to get a better sense of how their patients are doing overall by prompting further discussion and elucidating these other relevant factors, particularly if the scores do not agree. In order to effectively utilize the NRS in clinical practice, several limitations should be recognized. First, a single item score does not provide insight into the factors that determine the patient's response, and the score is a simple representation of a more complex process. However, a change in the score or a low score can prompt further discussion to elucidate issues of concern to the patient. Given the lack of absolute reference standards for the NRS, there may be inter-person variability with regards to the meaning of an individual's score. Second, the generalizeability of our study may be limited given that our cohort is from a single, tertiary referral center. Third, we did not have resources to assess for endoscopic correlates of selfreported health status; endoscopic endpoints are increasingly recognized as important endpoints for purposes of demonstrating therapeutic effects. Finally, it should be recognized that the NRS is not disease-specific but rather assesses general health status. It does not specify a timeframe, which may also limit its ability to correlate with standard assessments of health status. However, despite these limitations, we have found that the NRS has proven to be a useful measure in the evaluation of patients.
In conclusion, the NRS may help provide insight into one of the most important endpoints in clinical practice as well as in clinical trials, which is how the patient feels. As demonstrated in our study, the NRS is a valid, reliable, and responsive PRO that can be used to assess patients with CD. Its utility in patients with UC is less clear and further prospective studies with a large number of patients are needed. Despite its limitations, the NRS is an inexpensive, time-saving, and convenient measure that can be used to complement the assessment and monitoring of overall health status in patients with IBD.
